Objective of the research was to study the effect mycorrhiza on growth and yield of tomato.
Introduction
The demand of tomato keeps increasing due to the nutrient content of tomato and it is good for health. Productivity of tomato decreased about 3.34% in 2014, which was followed by the decreasing production about 9.83% and decreasing harvested area about 6.13%. Potential production of tomato should be enhanced to increase productivity of the tomato. Salinity occurs when the soluble salt accumulates in the soil and it frequently creates some problems in the development of lowland agriculture. One of the salinity causes is the increasing global temperature, which causes high evaporation. The loss of water from the soil, as a result of evapotranspiration, causes the salts to accumulate in the soil. Besides that, the increasing intensive application of chemical fertilizer has decreased quality of the soil due to salts and heavy metals, such as Cu, Al, and Cd that have accumulated in the soil (Cassman et al., 1996) . Excessive saline solution in the soil will poison the plants (Yuniati, 2004) . Tomato is moderately sensitive to salinity at all stages of growth, including germination, vegetative and reproductive growth, which can reduce both yield and quality of the tomato under salinity stress. Therefore, high salinity as a result of plasmolysis can easily cause cell damages. The application of arbuscular mycorrhiza is one of efforts to reduce cell damages under salinity stress.
Arbuscular mycorrhiza is used to increase production of tomato in saline soil. The application of mycorrhiza has some benefits, such as increasing tolerance to metal contamination, drought, as well as root's pathogen, and providing access for the plants to utilize the unavailable nutrients to be available, increasing nutrient absorption, increasing tolerance to erosion, compacting, acidity, salinity, and improving soil's particle aggregation. Schonbeck (1979) reported that the infected roots by arbuscular mycorrhiza showed some increasing lignification in endodermic cells. Besides that, the infected roots showed the increasing phenolic compounds as a result of chemical analysis result and it would increase lyase enzym that could induce resistance of the plant. Therefore, arbuscular mycorrhiza could increase tolerance to environmental stress in diverse mechanisms. Objectives of this study were to elucidate the effects of mycorrhizal inoculation on increasing resistance and growth of tomato under salinity stress.
Materials and Methods
The research was conducted from November 2013 to March 2014 at the plastic house on the area of 14 m x 10.5 m in Pasuruan at the altitude of + 56 m above sea level and the temperature range of 28-30 o C. Materials used for this study were tomato seeds of F1 Betavila Hybrid, polybag, NPK inorganic fertilizer, cow manure, NaCl and inoculums of arbuscular mycorrhiza.
The study applied a factorial randomized complete design comprising of two factors with three replications. The first factor was dose of mycorrhiza M0 = without mycorrhizal treatment (0 spore), M1 = 5 g mycorrhiza (75 spores), M2 = 10 g mycorrhiza (150 spores), and M3 = 20 g mycorrhiza (300 spores) The second factor was the salinity stress which included S0 = without salinity stress, S1 = salinity stress of 2500 ppm, S2 = salinity stress of 5000 ppm, and S3 = salinity stress of 7500 ppm. The observations included plant height, leaf area, number of fruits, infected roots, number of spores, proline content in fresh weight of leaf and fresh weight of fruits. The proline content was measured using Ninhidrin method (Bates et al., 1973) . Number of spores was counted by sieving and decanting (Brundrett et al., 1996) and the infected roots was counted using Kormanik's and Mc. Graw's methods. The obtained data of observation were analyzed using analysis of variance (F-test) at the level of 5% followed by comparative test among treatments using Honestly Significant Difference (HSD) at the level of 5%.
Results and Discussion

Plant height and leaf area
The height tomato plants had increased from early growth to the age of 70 dap (days after planting). In comparison with no mycorrhizal treatment, application of 20 g mycorrhiza increased plant height by 16.19%, 18.80%, and 18.78% at 42, 56 , and 70 dap, respectively ( Table 1) . The plant height, however, has reduced along with the increasing salinity level. Under salinity level of 7500 ppm, the plants' height at 28 dap, 42 dap, 56 dap, and 70 dap were lower for about 20.38%, 24.87%, 22.31%, and 18.52%, respectively, in comparison without any salinity treatment. Notes: number followed by the same letter at the same age shows insignificant difference based on HSD (Honestly Significant Difference) test of 5%
Results of the observation on leaf area at 28 dap and 42 dap showed that under salinity level of 7500 ppm, the application of 20 g mycorrhiza had insignificant difference on leaf area in comparison treatments of without mycorrhiza, 5 g mycorrhiza, and 10 g mycorrhiza ( Table 2) . Results of observation on leaf area at 56 dap showed that under salinity treatment of 0 ppm, leaf area was higher than under salinity treatments of 2500 ppm, 5000 ppm, and 7500 ppm, while under salinity treatment of 7500 ppm, leaf area was lower than under salinity treatments of 0 ppm, 2500 ppm, and 5000 ppm. In addition, under salinity treatment of 5000 ppm, leaf area was lower than under salinity treatment of 2500 ppm. At 56 dap along with the application of 20 g mycorrhizal treatment, leaf area of the tomato plant was higher than under mycorrhizal treatments of 0 g, 5 g, and 10 g. Results of this study conformed to the study of Rahmawati et al. (2012) that plant growth decreased along with the application of NaCl for about 5000 ppm and 7500 ppm. Result of the research by Suwignyo et al. (2010) showed that salinity treatment could reduce the plant's height, chlorophyll of the leaf, and total dry weight of the plant. According to Yamashita and Matsumoto (1997) , under salinity stress, growth and development of the plants would be inhibited due to over accumulation of Na and Cl in cytoplasm, which caused the metabolism change within the cells. Salt has inhibited the enzyme activities. Such condition caused partial dehydration within the cells due to decreasing potential water in the cells. Therefore, the plants become to die or reduce its productivity. Rajendran et al. (2009) stated that under salinity stress, the plant is under osmotic stress phase that may inhibit the emergence of leaf and leaf enlargement, as well as accelerate the leaf aging due to accumulation of the excessive toxic ions. Under salinity treatment of 7500 ppm, leaf area of the tomato's plant was smaller than under lower salinity treatment. It conformed to Syakir et al. (2008) that in general, the salinity stress could reduce the plant's growth as a result of reduced leaf area and numbers of leaf. On leaf that having salinity stress, it will show some symptoms, such as browning leaf, and then dried and leaf tip roll. Rujito et al. (2010) stated that symptoms of having NaCl poison are leaf tip roll and difficult to open, browning leaf tip, drying, and then falling down. Levitt (1980) stated that the decreasing number of leaf and leaf area were due to less availability of nutrient and water, as well as high accumulation of Na and Cl ions within the plant's tissues, which would inhibit the cellular differentiation process at the growing point of total leaf area are the most influential variables rather than other growth's parameters, so that drastic decreasing leaf area shows high sensitivity of the leaf's growth toward salinity. The decrease of plant height and leaf area along with the increasing level of salinity resulted in the decreased numbers of fruit and fresh weight of fruit (Table 3 )
Fresh weight of fruits and number of fruits
Fresh weight of tomato plant without mycorrhizal treatment was lower than that of mycorrhizal treatment by dosages of 10 g and 20 g. Under mycorrhizal treatments of 5 g, 10 g and 20 g, the yield of fresh weight of fruits (kg/plant) increased for about 21.60%, 24.07% and 35.80%, respectively, in comparison with without the application of mycorrhiza ( Notes: number followed by the same letter at the same age shows insignificant difference based on HSD (Honestly Significant Difference) test of 5%
Results of this study conformed to results of the research reported by Gonzáles-Fernández and Cuartero (1993) that 10% decreasing weight of fruit was due to irrigation and 5 -6 dS/m water, 30% decreasing weight of fruit by 8 dS/m, and for about 40% at higher EC. However, when the water has EC 8 dS/m or more, it could inhibit the growth and sustain yield loss. According to Caro et al. (1991) , high EC in tomato plant could reduce yield. Cruz (1990) also reported that the increasing salinity treatment in tomato plant by high EC could reduce the fruit's size. Application of 20 g mycorrhiza could increase fruit weight for about 35.99% in comparison with the plant without any mycorrhiza treatment. According to Linderman (1994) , the application of mycorrhiza could increase growth and yield of the plants by increasing nutritional status of the plants. Smith et al. (2000) added that the application of mycorrhiza could increase tolerance toward abiotic stress, such as drought, salinity, and heavy metals. Mycorrhizal association could change the hosts and the environment through rhizosphere level, affect the soil structures, deposition of carbon in the soil, and microbial variability.
Mycorrhizal infection and amount of spores
Application of 5 g mycorrhizal had insignificant difference root infection with the application of 10 g mycorrhiza. Both 5 g and 10 g mycorrhizal treatments showed lower root infection than 20 g mycorrhizal treatment. Root infection was higher under salinity treatments of 0 ppm and 2500 ppm than under salinity treatments of 5000 ppm and 7500 ppm. Under salinity treatment of 5000 ppm, the root infection was higher than 7500 ppm. Based on data about the amount of spores, it showed that the amount of spores under 5 g mycorrhizal treatment had insignificant difference with 10 g and 20 g salinity treatments. Under salinity of 2500 ppm, the amount of spores had insignificant difference with the salinity treatment of 0 ppm, and it showed greater amount of spores than the treatments of 5000 ppm and 7500 ppm (Table 6 ). Talaat and Shawky (2014) stated that even the salinity could affect the mycorrhizal colonization negatively, more reports showed that the increasing growth and productivity of the plants, which had symbiosis with mycorrhiza under salinity stress, and depended on AM species. According to Poss et al. (1985) , formation of the mycorrhiza arbuscular fungi will reduce by the increasing level of salinity in the soil. The increasing level of salinity in the soil will reduce the canopy growth and, of course, it will reduce the photosynthetic area of the related plant. As a result, it will inhibit the growth of plant and fungi by the decreasing availability of photosynthate. Such condition is caused by the effect of water stress or toxic ions toward the plant's growth. The mycorrhizal fungi in its symbiosis are highly depended on nutrients of carbonate as photosynthetic results of the hosts (Thomson et al., 1990) . 
Proline content
Without mycorrhiza treatment, the tomato plant showed higher proline content than with the mycorrhiza treatments by dosages of 5 g, 10 g, and 20 g (Figure 1 ). Under 5 g mycorrhiza treatment, the tomato plant contained higher proline than the treatments by dosages of 10 g and 20 g, however, treatment by dosage of 10 g showed insignificant difference with the dosage of 20 g. Without salinity treatment, the tomato plant contained lower proline than the plant, which had salinity treatments of 5000 ppm and 7500 ppm, but it had insignificant difference with the treatment of 2500 ppm. Under salinity treatment of 7500 ppm, the proline content was higher than the treatments by dosages of 5000 ppm, 2500 ppm, and 0 ppm. Results of this study conformed to the study of Claussen (2005) that the stressed plant would produce higher proline. Maggio (2002) added that accumulated proline was the consequence of the increasing free amino acids, when the plant was under environmental stresses, such as drought stress, high salinity, and low temperature, the plants would actively produce it as metabolite and defensive system to adapt to any environmental stresses. Metabolites, which are produced by the plant under stress condition, include proline, glycine betaine, and manitol.
Conclusion
The salinity stress at the level of 7500 ppm inhibited the height, leaf area, and proline content of tomato plant. The salinity stress at the level of 7500 ppm also reduced the yield of fruit for about 30.84% and fresh weight of fruit per ha for about 51.72%. The application of mycorrhiza was not able to increase growth and yield under salinity stress, as is shown through the root's infection level and the amount of spores were lower at the salinity level of 5000 ppm and 7500 ppm. However, the separate application of 20 g mycorrhiza increased plant height, leaf area, numbers of leaf, index of chlorophyll, and proline content of tomato plant. Application of 20 g mycorrhiza increased fruit weight by 35.99%.
